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Abstract:
Research on the hydrogenation of olefins and arenes using catalysis is dominant in 
Europe, because of the limited availability of petroleum. Finding an efficient, 
inexpensive and available hydrogen-storage catalyst would permit alternative methods 
for catalysis and energy storing processes. Most hydrogenation research conducted 
currently uses precious metal catalysts.  Here this research focuses on a more earth-
abundant metal, cobalt. The novel binuclear cobalt hydride complex, [Co2H9]
[MgBr(THF)]5- (1) (see Fig. 1), was used to catalyze the hydrogenation of a series of 
substrates at room temperature. [1]  The substances chosen comprise an arene, a diene 
and a sterically hindered olefin: naphthalene, trans, trans-1,4-diphenyl-1,3-butadiene, 
and 1-methylcyclohexene.  The reactions were analyzed using hydrogen uptake, gas 
chromatography with flame ionization detection (GC-FID), hydrogen nuclear magnetic 
resonance (1H NMR) and carbon nuclear magnetic resonance (13C NMR).   All reactions 
showed 100% conversion and gave up to 200 catalytic turnovers (TO = mol product/mol 
cobalt dimer) to take anywhere from 1 to 50 hours.  The reactions with naphthalene 
entail a long induction period, that signals an autocatalytic pathway. [2] The 
naphthalene conversion to tetralin was observed to show a 20 hour induction period. 
There was no induction period for the rapid hydrogenation of trans, trans-1,4-
diphenyl-1,3-butadiene to 1,4-diphenylbutane. Further, the substrate 1-methyl-
cyclohexene also showed complete conversion within hours.
Experimental Procedure:
Experimental Results:
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  Calibration:
Three different amounts of naphthalene were weighed out and 100 µL of  nonane was 
added to each in a 5 mL volumetric flask and then diluted to 5 mL hexane.  Three  
different amounts of tetralin were weighed out and 100 µL of nonane was added  to each 
in a 5 mL volumetric flask and then diluted to 5 mL hexane.  2 µL of each  sample was 
run through the GC and was then analyzed by PowerChrom v2.5 software.  Nonane was 
used as the internal standard for reaction 1 and reaction 2. A three point response curve 
was then plotted.
Catalytic Runs:
Three runs were performed comprising 0.28 g (2.2 mmol) naphthalene, 0.01 mmol (1) 
and 2.5 mL of dioxane in the dry box. In a fourth run THF was used as the solvent.  Two 
additional runs entailed 0.44 g (2.1 mmol) trans,trans-1,4-diphenyl-1,3- butadiene and 
0.01 mmol (1) were added to 2.5 mL of dioxane in the dry box.  The sixth run was 200 
uL (1.6 mmol) 1-methylcyclohexene and 0.01 mmol (1) added to 1.0 mL of THF in the 
dry box.  All reactions were placed under 65 psig and collected over 60 hours. 
Materials and methods were as described previously and all manipulations used an argon 
atmosphere dry box. More details on data collection, spectra, analysis and electronic 
structure calculations are presented in the ESI in reference [1].  A pressure reactor was 
charged with reactive substrate, (1) and solvent under argon, connected to a vacuum/
pressure manifold, evacuated and filled with 65 psig hydrogen. The ambient pressure was 
monitored using a digital pressure transducer connected to a computer.  All reactions 
were performed at 23 oC.
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Fig. 1 View along binuclear axis shows ﬁt to 
XAFS data for [Co2H9]5− (1). Co–Co: 
2.452(2) Å; Co–H(term): 1.544(7) Ã; Co-
H(bridging): 1.822(7) Å. 
min
Fig. 2.  GC-FID Conditions:  RTX-5MS (30 m, 0.25 mm, 0.25 
µmdf);  Method 1 was used for all calibration and naphthalene 
runs.  The  conditions are as follows: T1=100 oC, T2 = 150 oC, Tinj 
=250 oC, Tdet = 300 oC, ramp = 15 oC/min and 1 min.  hold time.
GC-FID Method 2 was used for the trans, trans-1,4-
diphenyl-1,3- butadiene runs.  The conditions for this 
method are as follows: T1=100 oC, T2= 250 oC, Tinj 
= 250 oC, Tdet = 300 oC, ramp = 15 oC/min and 1 
min.  hold time.
Table 1.  Summary of reactions
This research showed the hydrogenation  of 
three seperate substrates including arenes and 
olefins at near ambient temperature and 
pressure using (1).  The following observations 
were observed (see Table 1):  1) All reactions 
showed complete hydrogenation; 2) The 
trnover numbers were all over 150 using our 
catalytic species; 3) The less reactive arene had 
a clear induction period compared to the 
immediate reactivity of the olefins.
Determined by GC-FID 
Determined by NMR
a
b
Fig. 4. Reaction 3 data. 1H and 13C {1H} NMR
Fig. 3. Reaction 2 data.  Hydrogen uptake and GC-FID
